Preparation of compound semiconductor containing Te by electrochemical deposition by 石崎 貴裕
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Figure 1. Cyclic voltammograms for citric acid solutions ([Cit]total = 0.5 mol dm-3, pH 
= 4.0) containing 0.16 mmol dm-3 Te(IV) at 368 K: (i) without Zn (II) and (ii) with 20 
mmol dm-3 Zn (II).  
Sweep rate 10 mV s-1. 
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Figure 2. SEM photographs of deposits on polished Au-plated Cu substrate obtained at 
various potentials from a citric acid bath ([Cit]total = 0.5 mol dm-3, pH = 4.0) containing 
0.16 mmol dm-3 Te(IV)  and 20 mmol dm-3 Zn(II) at 368 K. 
(a) -0.90 V (b) -0.65 V (c) -0.55 V.  
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Figure 3. Change in current density during potentiostatic electrodeposition at 368 K 
from solution 3 where [Zn(II)] = 20 mmol dm-3, [Te(IV)] = 0.16 mmol dm-3, and 
[Cit]total = 0.5 mol dm-3. 
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Figure 4. The influence of cathodic potential on stationary current dens ity and current 
efficiency from solution 3 where [Zn(II)] = 20 mmol dm-3, [Te(IV)] = 0.16 mmol dm-3, 
and [Cit]total = 0.5 mol dm-3. 
?  : Constant current densities      ?  : Current efficiencies 
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Figure 5. XRD patterns of deposits obtained at various potentials from citric acid 
electrolytes ([Cit]total = 0.5mol dm-3, pH = 4.0) containing 0.16 mmol dm-3 Te(IV)  
and 20 mmol dm-3 Zn(II) at 368 K.  The thicknesses of films were 0.4-0.7 mm. 
-0.90 V (b) -0.75 V (c) -0.65 V (d) -0.55 V.  
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Figure 6. XRD patterns of deposits obtained at 368 K and -0.65 V from citric acidic 
electrolytes ([Cit]total = 0.5mol dm-3, pH = 4.0) under various Zn(II) concentrations as 
summarized in Table II. 
(a)50 mmol dm-3 (b) 30 mmol dm-3 (c) 10 mmol dm-3 (d) 5 mmol dm-3 (e) 1 mmol dm-3 
 
20 25 30 35 40 45 50 55 60
(111)
(220) (311)
(222)
2q (degrees)
In
te
ns
ity
0
750
1500 cps
°
° °(a)
(b)
(c)
(d)
(e)
● ●: ZnTe
○: Au or Cu
●
● ●
 146
 
 
 
Figure 7. Dependence of the stationary current density at -0.65 V on the 
concentrations of TeO2 (? ) and of ZnSO4 (¦ ): (a) the current density at different Te 
concentrations, with 20 mmol dm-3-ZnSO4 and 0.5M citrate (b) the current density at 
different Zn concentrations, with 0.16 mmol dm-3-TeO2 and 0.5 M citrate. 
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Figure 8. XRD patterns of deposits obtained from citric acidic electrolytes containing 
0.16 mmol dm-3 Te(IV)  and 20 mmol dm-3 Zn(II). The total quantity of electricity 
was 1.0 C cm-2 and the thickness of films was c.a. 0.6mm; (a) with 0.5 M citrate on 
Au/Cu substrate and (b) without citrate on Cu substrate at 368 K and -0.80 V.  
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Table I. Electrolytic bath composition and operating
conditions employed for deposition of ZnTe
ZnSO4 TeO2 H3Cit     Na3Cit    [Cit]total pH
(mM)      (mM)       (mM)     (mM)     (mM)
50          0.16          250        250         500       4.0
30          0.16          250        250         500       4.0
20          0.16          250        250         500       4.0
10          0.16          250        250         500       4.0
5           0.16          250        250         500       4.0
1           0.16          250        250         500       4.05
2           0.5      250        250         500       4.05
0.5         0.16          250        250         500       4.05
Concentration (M = mol dm-3)
Sample
1
2
3
4
5
6
7
8
Cathode potential ranges were from -0.55 V to -0.95 V vs. Ag/AgCl.
Table II. Characterization of films electrodeposited 
from  citric acid ZnTe electroplating baths. 
Composition (atom%)
Sample        Zn             Te 
1              51.0        49.0                 312.5          interference
2              49.7        50.3                 187.5          reddish-brown
3              48.9        51.1                 125            reddish-brown
4              49.1        50.9                  62.5          reddish-brown
5              49.6        50.4                  31.25         reddish-brown
6              50.1        49.9                  6.25          reddish-brown
7              39.9        60.1                  4             blackish-gray
8                4.6        95.4                  3.125        brackish-gray 
[Zn(II)]/[Te(IV)]
concentration ratio Color
Cathode potential was -0.65 V vs. Ag/AgCl.
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Table III. The effect of citrate on the composition of films 
electrodeposited from a citric acid ZnTe electroplating bath
(Bath conditions: 20mM ZnSO4, 0.16mM TeO2, 368K)
Citrate concentration
(M = mol dm-3)
Composition (atom %)
Zn                     Te
0 M　　　　　　　　　　　　　58.4                   41.6
0.05 M                              45.5                   54.5
0.10 M                              46.0                   54.0 
0.50 M                              47.8                   52.2
1.0 M                                52.2                   47.8
Cathode potential was -0.65 V vs. Ag/AgCl.
